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principle within six months. The subject of the education of the 
workman was one which he had very much at heart, l ie did not 
know how it was to be given, but as the pupil teachers were presen~ 
.is an Institution which took charge of the mechanic, and a Govern. 
raent which was anxious for the spread of education, he would urgently 
beg of them to take counsel with half-a-dozen of the best mathema- 
ticians of the day, and arrange with them to write short treatises, 
which could be circulated at a cheap rate, and which could be taught 
in out" elementary schools. IIe also thought that there ought to be 
a large quantity of apparatus--a sort of inventory of education--of 
every conceivable shape and object. In addition tO these models, he 
wouhl have the school-room hung round, not with pictures of animals, 
but with solid bodies, which could be explained and drawn. IIe would, 
in fact, impart any kind of practical rather than book knowledge. If  
drawings merely were used instead of models, he did not think the 
student couhl imbibe so correct a notion of the object to be produced 
or delineated. There was '~ mode of studying forms called la tl~&rie 
de d&eloppement, but the plain English meant nothing more than mak- 
ing fiat surfaces into round and angular forms (as models now made 
h'om sheets of paper, which was a most valuable mode of studying 
forms). I f  this description of education could be given, he wouht take 
the pupils educated in that department and give them three guineas a 
week. lie might afterwards raise them to foremen with salaries of 
./3500 a year, and that would be far better than remaining all their 
lives at the bench, earning 30s. a week. Machinery could now be 
obtained to do all the unintellectual drudgery of mechanism. He 
was not opposed to machinery and had no apprehension that it would 
supersede skilled intellectual handicraft, tie would employ machinery 
to do all the drudgery that degraded the workman into a beast of bur- 
den. l ie would give him higher views of mathematics; he would 
show him that he was an intellectual, thinking being, with a soul for 
high and immortal things. 

5{r. Russell concluded by expressing a hope that Government would 
seriously undertake the education of the working man, so as to enable 
us to maintain our superiority among the civilized nations of the world. 

On tl~e Tensile and Compressive Strength of various kinds of Glass.* 
At a recent meeting of the Royal Society a communication was read 

"0a the Resistance of Glass Globes and Cylinders to collapse from 
external pressure, and on the Tensile and Compressive Strength of 
various kinds of Glass," by William Fairbairn and T. Tare. 

The researches contained in this paper are in continuance of those 
upon the Resistance of Wrought Iron Tubes to collapse, which have 
been published in the "Philosophical Transactions" for 1858. The 
results arrived at in these experiments were so important as to suggest 
further inquiry under the same conditions of rupture with other mate- 
rials ; and glass was selected, not only as differing widely in its physical 
propertie~ from wrought iron, and hence, well fitted to extend our 
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knowledge of the laws of collapse, but because our acquMntance with 
its strength in the various forms in which it is employed in the arts 
and in scientific research is very limited. To arrive at satisfactory 
conclusions, the experiments on this material were extended so as to 
embrace tttc direct tenacity, the resistance to compression, and the 
resistance to hursting, as well as the resistance to collapse. 

The glass experimented upon was of three kinds : -  
Specific gravity. 

Best Flint Glass, 3'0782 
Cmnmon Green Glass, 2"5284 
Extra White Crown Glass, 2'4504 

Tenacit~J of Glass.~For reasons detailed by the authors, the e×- 
periments upon the direct tenacity of glass made by tearing specimens 
asunder are less satisfactory than those in the rest of the paper ; and 
it is argued that more reliance is to be placed upon the tenacity de- 
duced from the experiments on the resistance of globes to bursting in 
~vhieh water-pressure was employed, than upon the tenacity obtained 
directly by tearing specimens asunder. The results obtained by the 
latter method give the following mean results : -  

Tenacity per square inch in pounds. 
Flint glass, 2413 
Green Gins.% 2896 
Grown Glass, 2346 

_Resistance o.f Glass to Urushinj.--The experiments in this section 
were made upon small cylinders and cubes of glass crushed between pa- 
rallel steel surfaces by means of a lever. The cylinders were cut of the 
required length from rods drawn to the required diameter, when molten, 
and then annealed, in this way retaining the exterior and first cooled 
skin of glass. The cubes were cut from nmch b~rgcr portions, and were 
in consequence probably in a less perfect condition as regards anneal- 
ing. Hence, as might have been anticipated, the results upon the two 
classes of specimens, although consistent in each case, differ widely 
from one another. 

The mean compressive resistance of the cylinders, varying in height 
from 1 to 2 inches, and about "75 inch in diameter, is given in the 
following table : - -  

Ileight Mean Crushing WeighttMean Crushing Weight 
of per square inch. ' per square inch. Description of Glass. Cylinder 

in In Pounds. In Tons. ]In Pounds. In Tons. Inches. 

Flint Glass, I 

Green Glass, 

Crown Glass, . f ( 

1'0 
1'5 
2'0 

29,168 
20,775 
32,803 

13"021. [ 
9"274 I 37,582 

14"644 

1'0 22,583 10"081 ) 
1"5 35,029 15"628 I 31,876 
2"0 38,105 16"971 

1'0 23,18l 10'348 } 31,003 
1"5 38,825 17"332 

12,313 

The specimens wore crushed almost to powder by the violence of the 
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concussion ; it appeared, however, that the fracture occurred in verti- 
cal planes, splitting up the specimen in all directions. Cracks were 
noticed to form some time before the specimen finally gave way; then 
these rapidly increased in number, splitting the ghtss into innumerable 
prisms, which finally bent or broke, and the specimen was destroyed. 

The following table gives the results of the experiments upon the 
cu~ cubes of glass : ~  

Mean Resistance to Crushing, 

In Pounds. [ In Tons. 
i 

/ 
Flint G la.~s, . . 13,130 I 6861 
Green Glass, . . 20,°(16 [ 9"010 

__cT,w,, c~ra.y, _.___ : . . . . . .  ? !,s~z . / 9-7~ 

I]:ence, comparing the results on cylinders with those on cubes, we 
find ~ mean superiority in the former ease in tile ratio of 1"6 : 1~ due 
to the more perfect annealing of the glass. 

Aerometrff. Translated from the IiSjdraulics of .D'AuSuisson de 
Voislns. :By J. ]3E.~N~TX. 

(Continued fi'om page 241.) 

TIIIRD SECTION. 

We come now to the consideration of the force and the use of air 
as a motor ; of its force, insomuch as it communicates motion by its 
impulse, or destroys it by its resistance ; of its use, in that it gives mo- 
tion to windmills (vessels coming under tile special domain of the nau, 
tical art). : 

C~I.~r~E~ I.--fT/~e S],ock and Resistance of  Air. 

All authors have regarded as identical the effects of the shock of 
air, and those of its resistance. I f  they (lifter at all, it can only be 
by t~ very small quantity, and in thcir constant co-efficient; for other- 
wise, they tbllow tile same laws, and we proceed to discuss them under 
the common name of resista~tee. 

545. ~lode of  establisl, b~g tl~e l~esistances.~The experiments and 
observations of :Borda and of I-Iutton, have led to satisfactory results 
upon tiffs m,~tter ; I give the substance of them, and. refer for the de- 
velopments and details to the works of these two authors.* 

I first give an ide~ of the contrivance used by them. 
Imagine a movable cylinder upon two small pivots traversed per- 

pendicularly to its axis by a rod, whose two halves make equal arms. 
At their extremity is fixed the body whose resistance is to be proved ; 
and around the cylinder is wound a cord having dittbrent weights sus- 
pended at its end. 

In operating, the weight is allowed to descend, and impresses upon 
the machine a motion of" rotation which soon becomes uniform. This 

* Experiences sur la re~ista~lee d~.~ fluide~, par ltor&~. 211e~oil'es de l'~deademie de,~ Sciencez, 1763. 
D~t~rmlntaion of the reMstance o f  air : 3~ h (~ Ihe ffla~hematica~ tro cL 5 a~d philo~ojohieal ~ubject 6 ~-¢.~ by 

llutton~ 1812. 
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